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Photo-isomerization of Azobenzene-based Platinum(II) Di-ynes and Polyynes
the para-azobenzene spacer have a higher degree of electronic delocalisation than their metaazobenzene counterparts. Reversible photoisomerization in solution was observed spectroscopically for the alkynyl-functionalised azobenzene ligands and, to a lesser extent, for the Pt(II) complexes. Complementary quantum-chemical modelling was also used to analyse the optical properties and the isomerisation energetics.
INTRODUCTION
With the rapidly-developing interest in molecular switches, a considerable amount of work is being carried out worldwide to identify suitable materials. Examples exist of molecular switching through both physical and chemical means, 1 and the materials have a wide range of applications including in optoelectronics, as holographic materials, and for multicolour displays and data-storage and communication technologies. 2 To achieve this switching functionality, many organic chromophore building-blocks such as stillbenes, azobenzenes, spiropyranes, fulgides, and chromenes are available and readily incorporated into more complex systems. 3 Of these, diazene or azo moieties are well-established and promising chromophores, being robust, chemically stable and cost effective. 4 Many new materials have been designed based on this chromophore, showing a range of novel properties. 2 We have a long-standing interest in conjugated "rigid-rod" poly(metalla-ynes), which represent a class of solution-processable materials with tunable opto-electronic properties. 5 The rigid backbone of the poly-ynes facilitates extended electronic delocalization along the polymer chain, allowing for efficient electronic transport and thus enabling the compounds to function as molecular wires. Metallo poly-ynes have been used as model systems for the study of some of the photophysical processes that occur in the conjugated organic polymers used in organic light-emitting diodes (OLEDs), 6 lasers, 7 photovoltaic cells, 8 field-effect transistors (FETs), 9 surface acoustic-wave (SAW) sensors and non-linear optical (NLO) materials. 10 Incorporation of heavy metals such as Pt into the polymer backbone introduces large spin-orbit coupling effects, which allow for light emission from triplet excited states.
Moreover, the role of the spacer group in the polymer structure is also well established, 11 with Pt(II) poly-ynes incorporating a wide range of conjugated aromatic and hetero-aromatic spacers having been investigated by us and by others. 12 In this work, we have explored the synthesis and characterization of di-and poly(platinaynes) incorporating both meta (m)-and para (p)-substituted azobenzene spacers. We have performed a comprehensive structural and spectroscopic characterization of nine materials, and elucidated how the substitution pattern on the spacer and complexation with platinum affects the absorption profile, highlighting the difference between the meta and para forms.
The difference in the conjugation in the two series mirrors the difference in the electronic properties recently reported for the related di-platinum complexes linked by 2,7-and 3,6carbazole-diyl units, where the carbazole-2,7-diyl units display enhanced conjugation. 13 Preliminary photoirradiation experiments on these di-platinum diynes indicate that the spacers, and, to a lesser extent, the organometallic species, undergo reversible photoinduced trans-to-cis isomerisation about the azo bond in solution, as observed for closely related diplatinum diyl azobenzene linked complexes. 14 The experimental measurements are supported by quantum-mechanical modelling of a subset of the materials, which is used to interpret the spectroscopy and to investigate the energetics of the isomerisation.
RESULTS AND DISCUSSION
Synthesis and spectroscopic characterization
A slightly modified palladium(II)/copper(I)-catalyzed cross-coupling reaction between the diiodo azobenzenes 1-3 with trimethylsilylethynyl was performed in i Pr2NH/THF to obtain 1,2-bis(3-((trimethylsilyl)ethynyl)phenyl)diazene (1a), 1,2-bis(4-((trimethylsilyl)ethynyl)phenyl)diazene (2a) and 1,2-bis(2,5-dioctyl-4-((trimethylsilyl)ethynyl)phenyl)diazene (3a) (Scheme 1). 15 The protected di-alkynes (1a-3a)
were found to be stable in air and light, and were fully characterized by infrared (IR) and
NMR ( 1 H and 13 C) spectroscopy, electrospray ionization (ESI) mass spectrometry, and elemental analysis. and 1b-3b in a 1:1 ratio under similar reaction conditions yielded the Pt(II) poly-ynes P1-P3 (Scheme 2). Purification of the Pt(II) di-ynes and poly-ynes was carried out using silica and alumina columns, respectively. The Pt(II) poly-ynes were obtained in yields of 78-80%, indicating a very high conversion compared to the Pt(II) di-ynes which were obtained in 61-62% yield. The Pt(II) di-ynes and poly-ynes were fully characterized by UV-visible, IR and NMR spectroscopy, ESI mass spectrometry, and elemental analysis.
The IR spectra of the Pt(II) di-ynes M1-M3 and the poly-ynes P1-P3 show a single, sharp C≡C absorption at 2090-2098 cm -1 , which is consistent with a trans configuration of the ethynylenic units around the Pt(II) center. The bond stretch frequency is similar to that found in a range of related materials. 12d, e The νC≡C values for the terminal di-ynes 1b-3b (2105-2109 cm -1 ) are considerably lower than those of the corresponding trimethylsilyl-protected di-alkynes 1a-3a (2152-2155 cm -1 ), as is expected. 17 The Pt(II) di-ynes and poly-ynes display lower νC≡C values than those in the corresponding protected or terminal di-alkynes, an observation which has been attributed to either metal-yne π backbonding, or to the M δ+ -C δpolarity. 18 In all the ligand precursors and Pt(II) complexes, clear 1 H NMR resonances from the protons of the aromatic ring systems were observed, indicating both the Pt(II) di-ynes and poly-ynes to be structurally rigid. The two distinct 13 C NMR resonances of the ethynylenic carbons in the di-ynes and poly-ynes were both shifted downfield relative to the signals from the diterminal alkynes, in agreement with the expected structures. The resonances due to the ethyl and butyl groups of the auxiliary ligands in the Pt(II) di-ynes and Pt(II) poly-ynes, respectively, could be clearly identified. The single resonance in the 31 P NMR spectra of the Pt(II) di-ynes and poly-ynes further confirms the trans-arrangement of the phosphine ligands.
The 1 JPt-P values range from 2629-2654 Hz for the di-ynes to 2338-2347 Hz for the polyynes; these spectral features are similar to those of previously-reported Pt(II) di-ynes and poly-ynes, 12a, 12g and again confirms the all-trans configuration around the metal centers.
The mass spectrometry results confirm the molecular masses expected for the ethynyl ligands and the Pt(II) di-yne complexes. Gel-permeation chromatography (GPC), calibrated against a polystyrene standard, gave weight-average molecular weights (Mw) for the polyynes P1-P3 in the range of 41,800-84,400 g/mol, corresponding to degrees of polymerization (DPs) between 35 and 55. The polydispersity index (PDI) was found to vary between 1.2 and 1.4. The relatively narrow polydispersity (PDI < 2) in the molecular weights is consistent with the proposed linear structure from the condensation polymerisation. However, the absolute molecular weights determined by GPC should be treated with caution; GPC provides a measure of hydrodynamic volume, which is different for rigid-rod and flexible polymers.
Thus, the Mw values determined by this technique using the polystyrene standard are likely to artificially increase the measured molecular weights to some extent. However, high degree of polymerization in the poly-ynes was supported by NMR spectroscopy in which resonances corresponding to protons on the terminal end groups were too weak to be observed.
Structural characterization
In addition to the spectroscopic characterization, we were also able to grow crystals of the Pt(II) di-yne complexes M1 and M2 which were suitable for single-crystal X-ray diffraction.
The key crystallographic data is summarized in Table 1 center of symmetry. The crystal structure is shown in Figure 1 , and confirms the trans conformation about the azo bond in the spacer group, the meta substitution of the arene rings on the spacer, and the trans arrangement of the phosphine ligands on the square-planar Pt(II) centers. We observed no significant short intermolecular contacts within the crystal structure, with the dimeric complexes all being separated by normal van der Waals' distances.
The crystallographic symmetry implies that the azobenzene spacer, which forms the central core of the complex, i.e. the Pt-C≡C-m-C6H4-N=N-m-C6H4-C≡C-Pt unit, is planar.
The coordination geometry around each of the two Pt(II) centers is, as noted above, square planar; the terminal phenyl rings are at an angle of 86.90 ° with respect to the unique Pt(II) coordination plane, and the plane is itself at an angle of 37.86 ° with the phenyl ring of the azobenzene spacer. All other bond parameters were found to be within the expected ranges for dimeric Pt(II) diyne complexes. [11] [12] 
Figure 2
Crystal structure of M2, with the unique atoms numbered as shown. Displacement ellipsoids are plotted at the 50% probability level. Selected geometric data: C(1)-Pt(1) 2.018(4) Å, C(9)-Pt(1) 2.062(4) Å, P(1)-Pt(1) 2.2938(14) Å, P(2)-Pt(1) 2.2851(13) Å, C(1)- (14) M2 crystallises in the lower-symmetry triclinic space group P-1 (Figure 2) . As in the M1 structure, the asymmetric unit contains half a molecular complex, with the midpoint of the N=N double bond located on a crystallographic center of symmetry. The X-ray structure confirms the trans geometry about the azo bond in the spacer group, the para substitution of the spacer arene rings, and the square-planar coordination of the metal, with a trans relationship between the phosphine ligands. Again, there are no significant short intermolecular contacts less than the sum of the van der Waals radii.
As in the structure of M1, the phenyl rings in the azobenzene group are coplanar. In contrast, however, the dihedral angle between the unique arene ring and the Pt(II) square plane is 86.77 °, compared to the equivalent angle 37.86 ° in M1. The angle between the Pt(II) coordination plane and the terminal phenyl ring is 86.89 °, making it is almost coplanar with the arene ring of the azobenzene spacer, as opposed to almost perpendicular to it as in M1. Since within the molecule there is free rotation about the Pt-C bond connecting the spacer and the Pt(II) center, it is not surprising that there is considerable variation in the dihedral angle between the central spacer and the Pt(II) coordination plane. Although there is variation in the angle of the terminal phenyl ring with respect to the phenyl rings in the spacer group, in both structures the terminal phenyl rings sit perpendicular to the Pt(II) plane, as is typically found to be the case in dimeric diplatinum diyne complexes of this type. The intramolecular bond parameters in M2 are similar to those in M1, and in related dinuclear diplatinum complexes. [11] [12] Optical-absorption spectroscopy The room temperature solution absorption spectra of the Pt(II) di-ynes (M1-M3) and
Pt(II) poly-ynes (P1-P3) in CH2Cl2 are shown in Figure 3 .
Figure 3
Normalized solution UV-visible absorption spectra of the protected ligands 1a-3a and the corresponding Pt(II) di-ynes M1-M3 and poly-ynes P1-P3 in CH2Cl2.
The spectra of the protected ligands show intense primary absorption bands at ~320 (1a), 370 (2a) and 390 nm (3a), which were assigned as π->π* transitions, together with weaker absorptions at longer wavelength which are ascribed to weak n->π* transitions. 19 For the Pt(II) di-ynes and poly-ynes of 2a and 3a (M2/M3 and P2/P3, respectively; In contrast, the trend for M1 and P1 (Figure 3a) is markedly different. In the absorption profiles of M1 and P1, the long-wavelength maxima occur at ~320 and 335 nm, respectively, which are substantially blue shifted compared to the maxima of the other di-ynes and polyynes. The bands also appear to have a considerably narrower bandwidth than the corresponding features in the spectra of the other Pt(II) species. Either or both of these observations may be related to the alkyne groups in the azobenzene spacer in the M1/P1
series being meta to the azo bond, as opposed to para in the M2/P2 and M3/P3 series.
Photo-irradiation
Azobenzenes are well known for their ability to show cis-trans isomerisation following thermally-or photo-induced excitation. 21 The resultant large geometric change can potentially be harnessed for a number of applications including liquid crystals, 22 molecular photoswitches, 23 and photochromic ligands for optochemical genetics. 24 The isomerisation of the azobenzene-containing materials depends on several factors, including the chemical structure (e.g. to what extent the isomerisation is restricted by steric constraints), the degree of conjugation, and the influence of the solvent. 25 We therefore performed preliminary photo-irradiation experiments on the 1a and 2a
series of compounds, with these six materials being chosen in order to examine the effects of the alkyne groups being para or meta to the azo bond. A series of experiments were performed in which CH2Cl2 solutions of 1a, 2a, and the corresponding Pt(II) di-ynes and poly-ynes (M1/M2 and P1/P2, respectively) were irradiated with a 254 nm UV lamp (6 W) for 60 min, and the isomerisation followed spectroscopically by recording UV/visible spectra at ten-minute intervals. Although the spectra possess features at longer wavelengths, we found that we were only able to observe spectral changes at this wavelength. To check for the recovery of spectral changes induced by the UV irradiation, following the experiments the solutions were allowed to stand in ambient light for at least 48 h, and a final spectrum considerably less stable than the respective trans configurations; from this, one might infer that the apparently more facile isomerization of M2 is due to stronger absorption and/or a more efficient coupling of the electronic excitations to the vibrational modes that effect the rearrangement. We also note that, in contrast to the spectra of the other species, the spectrum of M2 has a clear isobestic point at ~420 nm, although the significance of this feature in the present context, and of the absence of similar features in the spectra of the other compounds, is not clear.
For 1a, 2a, M1 and M2, the spectral changes are largely reversible under ambient conditions, with the absorption profiles of both solutions recorded after resting for >48 h being very similar to the time-zero spectra. On the other hand, the spectra of P1 and P2 recorded after 48 h differ more markedly from the time-zero measurements. However, we do not observe the formation of new bands, as would be expected from sample degradation, and we found that longer irradiation of the solutions did indeed give rise to persistent new absorption peaks. Thus the origin of the difference between the spectra before the experiment and after resting could be due to small amounts of degradation, but might also be due to a drift in the spectrometer calibration and/or slow evaporation of the solvent during the experiment. In particular, the latter could explain the increased absorption of 1a and P1 after resting.
To check for possible influences of the solvent, we performed a second set of experiments in toluene (Figure S1) , which was chosen for its lower polarity despite its strong absorption below ~280 nm. Bearing in mind the loss of signal at short wavelengths due to absorption from the solvent, the spectra of 1a, M1 and P1 in toluene are fairly similar to those recorded in CH2Cl2, both in the shape and positions of the spectral bands (c.f. Figure 3a and Figures   4a-4c) . The longest-wavelength absorption maxima in the profiles of 1a/M1 and P1 occur at approx. 320 and 330 nm in toluene, respectively, which are very similar to the values in CH-substituted analogues, which we suggest may be due to more efficient absorption and/or vibronic coupling in the former. The experiments provide little evidence for solvent effects, although we cannot draw any firm conclusions here based on the present results. While these preliminary studies suggest that the di-ynes and poly-ynes may show interesting photoisomerisation behaviour, more quantitative studies would need to be carried out to investigate this further, e.g. to test cycleability or to explore solvent effects in more detail.
This is beyond the scope of the present study.
Computational modelling
In order to better understand the isomerisation behaviour and optical properties of the azobenzene ligands and the dinuclear Pt(II) complexes, we carried out computational modelling on the cis and trans forms of the deprotected ligands 1b and 2b and the corresponding model complexes M1 and M2 using hybrid density-functional theory (DFT).
Initial models of the trans conformations of M1 and M2 were made from the X-ray structures, while models of the cis configurations were prepared by manually rotating about the azo bond. Models of 1b and 2b were generated from the models of the Pt(II) complexes.
Geomerty optimization was performed in the gas phase, and also using the COSMO solvation model 26 to mimic the dielectric environments of the solvents in which the spectra were recorded and the photoisomerization experiments performed, viz. CH2Cl2 ( = 8.93) and toluene ( = 2.38). Based on our findings, we also carried out further COSMO calculations with the higher dielectric constant of H2O ( = 80.1). To confirm the stability of the structures, particularly the four cis ones, we computed the nuclear Hessians of the gas-phase models, and observed no imaginary modes, indicating all eight to be energetic minima.
The four optimized gas-phase molecular models of the Pt(II) complexes are shown in Figure 5 , and the calculated isomerisation energies of 1b, 2b, M1 and M2, in the gas phase and in the three solvent continuua, are summarized in Table 2 .
From these energetics calculations, it can be seen, as is expected, that for both substitution patterns the cis form of the azobenzene is consistently higher in energy than the trans configuration, both in the ligands and in the Pt(II) complexes, in agreement with the spectroscopic and structural characterization. In the gas phase, the differences are 63. 35 and 64.83 kJ mol -1 for the meta-and para-azo ligands 1b and 2b, respectively. These are on the same order as those calculated for azobenzene itself. 28 The energy difference for the meta-azo Pt(II) complex is similar at 64.28 kJ mol -1 , whereas that for the para-azo complex is ~10 % higher at 71.39 kJ mol -1 . This implies that the cis configuration of the para-azo complex is less favorable than that of the meta-azo one, presumably due to greater steric strain in the former.
The presence of a dielectric continuum significantly reduces the energy difference between the two isomers of 1b and M1, by up to around 15 %, although in all cases the cis isomer remains higher in energy than the trans confuguration by a considerable margin. A similar trend is observed for 2b, whereas the presence of a continuum has comparatively little effect on the energy differences in the corresponding Pt(II) complex M2.
Taken as is, these results suggest that both 1b and 2b would show similar isomerization behavior, whereas the meta-azo complex M1 might show more facile photoisomerization than the para-azo M2. However, these energetics calculations do not predict the activation barriers for the photochemical reactions, the energy differences are all considerably lower than the energy of a visible/UV photon, and the ease of isomerization will depend strongly on Table S1 . Given the assumed constant peak broadening of 0.2 eV, the agreement between the calculated and measured spectra is good, with a small degree of offset that can be ascribed to approximations in the TD-DFT method used in the calculations.
From the calculations, the trans forms of both azobenzenes give rise to strong absorption bands between ~300 and 450 nm. The absorption in 1b is formed of two transitions involving the frontier highest-occupied and lowest-unoccupied molecular orbitals (HOMO/LUMO) and the lower-lying HOMO-3, leading to an asymmetric peak shape. The primary absorption band of 2b, on the other hand, is due to the HOMO -> LUMO excitation, and the HOMO-3 orbital contributes to a much weaker excitation at 315 nm.
The HOMO -> LUMO transitions in the cis isomers are lower in energy, both being above 450 nm, but have much smaller oscillator strengths. In cis-1b, the HOMO-3 -> LUMO transition produces a comparatively strong absorption at 298 nm, while in cis-2b a collection of transitions from the HOMO-3, HOMO-2 and HOMO-1 produce an asymmetric band between ~300 and 350 nm. These calculations help to account for the spectral changes observed in the photoisomerisation experiments carried out in CH2Cl2 (Figure 4a/d) : an increase in the proportion of the cis isomer of 1a should produce a reduction in intensity and a blue shift of the band centred around 320 nm, whereas the most prominent changes for 2a are predicted to be a reduction in the intensity of the primary absorption band and the appearance and growth of a peak in the shoulder of the asymmetric feature around 250 nm.
The major difference between the simulated spectra of the cis and trans isomers of M1 and M2 (Figure 7 a-d) and those of the ligands in Figure 6 can be surmised as a red shift of the most prominent absorption features, which is again consistent with the conclusions drawn from the spectroscopy. From the spectra of calculated orbital energy levels in the four complexes (Figure 7e) , the HOMO-LUMO gaps for M1 are relatively larger than those of the para-substituted analogues M2, at 3.14/3.41 and 2.87/2.99 eV for the trans/cis-azo geometries, respectively. This appears to be mainly due to a stabilization of the HOMO in the para compounds. The larger gaps of the cis isomers compared to the trans configurations are in both systems due to higher-energy LUMOs.
In the spectrum of trans-M1 complex, the HOMO -> LUMO excitation gives rise to a weak absorption centered around 460 nm. The same excitation gives rise to a relatively much more intense absorption at a slightly red-shifted wavelength of 472 nm in the trans-M2 spectrum. A comparison of the frontier orbitals of trans-M1/M2 (Figures 7f and 7g) shows a higher degree of electronic delocalization in the frontier orbitals of the latter complex, particularly the LUMO, suggesting that the enhanced oscillator strength arises from a greater spatial overlap between the frontier orbitals. This explains the much stronger longwavelength absorption features in the spectra of M2 and M3 (see Figure 3) , both of which incorporate para-alkyne azobenzene spacers, compared to that in the spectrum of M1, in which the spacer has the Pt-coordinating alkyne groups in the meta position.
The strong primary absorption band at 339 nm in the trans-M1 spectrum corresponds to an excitation between the HOMO-9 to the LUMO orbitals, the former of which has electron density delocalized over the azobenzene spacer and the two Pt centers.
The calculations indicate the shorter-wavelength features in the spectra to be composed of multiple transitions, with contributions from a number of occupied and virtual orbitals. We should also note that the larger discrepancy between experiment and theory in this part of the spectrum is due to our including only the first 50 singlet excited states in the simulation of the spectra. However, the present calculations are sufficient to assign and interpret the longerwavelength absorption features, which are of primary interest here.
CONCLUSIONS
A series of Pt(II) di-ynes and poly-ynes with meta-and para-substituted azobenzene spacers have been successfully synthesized using a palladium/CuI-catalysed Sonogashira coupling.
From a comprehensive spectroscopic investigation coupled with structural characterization of two model compounds, we have obtained valuable insight into the structure-property relationships for the different azobenzene substitution patterns.
Photoisomerisation measurements indicate that the acetylide-functionalised azobenzene ligands and, to a limited extent, the dinuclear and polymeric Pt(II) species incorporating them, can undergo reversible cis-trans isomerisation under irradiation at UV wavelengths.
From spectroscopic measurements and computational modelling, the trans geometry about the azo group is confirmed to be the most stable configuration for both the bare ligands and the Pt(II) complexes, with the cis isomer of the para-alkynyl azobenzene being energetically destabilised by bulky substituents and incorporation into Pt complexes/polymers. A comprehensive analysis of the optical properties using time-dependent density-functional theory calculations has allowed us to characterise the major features in the absorption profiles of the materials, and to interpret them in terms of the underlying electronic structure.
We expect the results from this systematic study to be a valuable addition to the growing body of work on molecular switches, providing insight to aid the future development of functional materials with tunable optical and electronic properties. 
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EXPERIMENTAL
General procedures
All reactions were performed under a dry Ar atmosphere using standard Schlenk line techniques. Solvents were pre-dried and distilled before use according to standard procedures. 31 All chemicals, except where stated otherwise, were obtained from Sigma Aldrich and used as received. The compounds 2,5-dioctyl-4-iodoaniline, 32 1,2-bis(3iodophenyl)diazene, 33 1,2-bis(4-iodophenyl)diazene, 33 bis(4-iodo-2,5dioctylphenyl)diazene, 33 wavelengths; the shorter-wavelength window was used for these experiments. Spectra were recorded at intervals of 10 mins.
The molar masses of the Pt(II) poly-ynes were determined by gel-permeation chromatography/light-scattering (GPC/LS) analysis. GPC 29 was carried out using two PL Gel 30 cm, 5 micron mixed C columns at 30 °C, running in THF at 1 cm 3 Caution! All chemicals used in the current work are irritants to skin, eyes and the respiratory system. Therefore, all reactions were performed in well-ventilated fume hood.
Inhalation of silica/alumina and low boiling point solvents like dichloromethane and hexane may cause injuries to internal organs. Safety glasses, gloves, masks and lab coats were worn during the experiments.
Ligand synthesis
1,2-Bis(3-(2-(trimethylsilyl)ethynyl)phenyl)diazene, 1a
To 
1,2-Bis(4-(2-(trimethylsilyl)ethynyl)phenyl)diazene, 2a
This compound was synthesized in a manner similar to 1a using 1,2-bis(4iodophenyl)diazene to afford the product as an orange-brown solid (77. Bis(4-trimethylsilylethynyl-2,5-dioctylphenyl) 
diazene, 3a
This compound was synthesized in a manner similar to 1a using bis(4-iodo-2,5dioctylphenyl)diazene to afford the product as an orange-brown solid (76.1 % yield 
1,2-Bis(4-ethynylphenyl)diazene, 2b
A similar procedure was followed as in the synthesis of 1b using 2a to afford the product as a 
Bis(4-ethynyl-2,5-dioctylphenyl)diazene, 3b
A similar procedure as used in the synthesis of 1b using 3a was followed to obtain 3b as a 
Synthesis of Pt(II)) di-ynes and poly-ynes
Trans-[(Ph)(Et3P)2Pt-C≡C-R-C≡C-Pt(PEt3)2(Ph)] (R = diphenyldiazene-3,3`-diyl), M1
To a stirred mixture of 1b (0.0500 g, 0.217 mmol) and 
Trans-[(Ph)(Et3P)2Pt-C≡C-R-C≡C-Pt(PEt3)2(Ph)] (R = diphenyldiazene-4,4`-diyl), M2
A similar procedure as for the synthesis of M1 was followed using 2b. 
Trans-[(Ph)(Et3P)2Pt-C≡C-R-C≡C-Pt(PEt3)2(Ph)] (R = 2,5-dioctyldiphenyldiazene-4,4`diyl), M3
A Similar procedure was followed as for the synthesis of M1 using 3b. -3,3`-diyl 
Trans-[-(Bu3P)2Pt -C≡C-R-C≡C-]n, (R = diphenyldiazene
Trans-[-(Bu3P)2Pt -C≡C-R-C≡C-]n, (R = diphenyldiazene-4,4`-diyl), P2
P2 was synthesized by following the same procedure as for P1 using 2b. The title compound 
Trans-[-(Bu3P)2Pt -C≡C-R-C≡C-]n, (R = 2,5-dioctyldiphenyldiazene-4,4`-diyl), P3
P3 was synthesized by following the procedure as for P1 using 3b to afford the product as a 
X-ray crystallography
Single-crystal X-ray diffraction experiments were performed at 150 K (for M1) and 250 K (for M2) on an Oxford Diffraction Gemini A Ultra CCD diffractometer using monochromatic Mo-Kα radiation (λ = 0.71073 Å). The sample temperature was controlled using an Oxford Diffraction Cryojet apparatus. CrysAlis Pro was used for the collection of frames of data, indexing reflections and determining lattice parameters. Structures were solved by direct methods using SHELXS-86 35 and refined using full-matrix least-squares on F 2 with SHELX-97 36 (for M2) and SHELX2014 37 (for M1) within the Olex2 package. 38 A multi-scan absorption correction was applied in for both cases. For M2 the phosphine ligands were disordered over two sites, and the ethyl groups were refined with partial occupancies summed to unity, and bond parameter restraints were used to maintain chemically sensible geometries for these groups. For both structures hydrogen atoms were included using rigid methyl groups or a riding model and, again, partial occupancies were used as appropriate. Refinement for both structures continued until convergence was reached, and in the final cycles of refinement a weighting scheme was used that gave a relatively flat analysis of variance.
Computational modelling
Computational modelling was carried out on the azobenzene ligands 1b and 2b, together with the corresponding Pt(II) di-ynes M1 and M2, within the density-functional theory (DFT) formalism, as implemented in the NWChem code. 39 We used the B3LYP hybrid functional for all calculations. 40 The electronic wavefunctions were expanded in split-valence Gaussian basis sets of 6-31G and 6-31G** quality for the H and main-group atoms, respectively. 41 The core electrons of the Pt atoms were described by the LANL2DZ effective-core pseudopotential, 42 
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